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(57) Abstract: An antenna array beam forming 
technique employs independent transmit weighting 
coefficients for multiple subscriber units (105-107) 
served by a transmitting communication device (10 1). 
Optimization of the weighting coefficients is a joint, 
rather than an independent, venture (404) of the mul- 
tiple subscriber units. Joint optimization preferably is 
implemented at the transmitting communication device 
and involves the communication device optimizing 
based on knowledge of the channels between itself and 
each of the subscriber units, as well knowledge of the 
inter-cell and intra-cell interference observed at each 
of the subscriber units. Joint optimization (404) of the 
weighting coefficients is a complex process, and to 
simplify the process approximations of optimization 
criteria are utilized (409, 410) that allow the weighting 
coefficients corresponding to the subscriber units to 
be optimized independendy (410) rather than jointly. 
By accounting for self-interfference, the process yields 
weighting coefficients that are more nearly optimal 
than th ecurrent weighting methods. 
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-am si^sj smsi 2-e*a(£&oiwAia« <^*>a. 2-^eiiu aoibHAiEi^Mss zsmn ash 2:>hej e^aiue. ib oiai 
±i\m^ oi^oi^i e^Eiiu cnaioig orgsm. si^si ji^m ^go^oi, ea e^ame ofse hhoii aissfe oi#£ S e^si^ ^ 

; SSS SCf, 2-KBIU O0IWAIS2I as» »EHM S 8m2| gElfe, 2-eKHIU £^ 2£ OOIUWIEKSTD; Selection Tra 

•mit Diversity)OIU. 3 0IM01IA1 V 4> 2J£r d*2f &0I. £>UI Sgg = g §^f ?]s| £aj:»|^ OlgEJb BBIUS/H 2JHEJ ffHIUfi g 6m 

: <y^sf^ b^im ssbck e^aiue d^o^ s^hj &g8. ^aioiy. s^ia. stfe ^a» n^g^ qioieh g6j 

EiiU ££j£2| OS ffSIU OiaiOIEJ 2| £XK)|| 2J6H 3£EI£r 6JsM 3Hg3°S ^gSfte(weiohtinQ) 33IM SSBCf. CH 

oisj ^xf^oi D\san ^somi mioi^(phase)£is, o\m ^»»s¥a ^R d\qk gxig 4^21011 srsiss CH6HXI 

so. 3MU. 2^ oiaioioii d\eo\ ?*§m 4= sidi 2. 2^x1 ^eoi e^sicHot ea. ^hh^. 2*2*21 cnaioi ^ifesf &sh d\ 
»&2i *nyoi »ei7iioKtt»)&a. ^hh^. &6H ^axi- sasi ch ssui> ji^s^ 501 :>^6Hot eo. 

9 E<^M^. Cf^Ej 3J8I» SXIM 2|2t«| CUB BEIU CHeilOIOii AH ^§£1^ ?t3(weightings)S ii^slo^b 51011 8» 38 01 HCh (0I6K "T 
\A"S X|2J£Jb)3l^l§ 1\mo\±t §!XH ^g, ^3 SXI2J ZJfl £*30| 219 ^ (inter-cell)Zt^ Oil 2|SH X|dHEi*=r S^OIIE* SJ*m£ 

(^01*1 2^ aiHiOH oh m^xf sxioii/h tim. ch seuis aosaft ^oioii/h^ £|*jso. nam, ci^ej ggeoiiAi, ^51 aiois 

§M2| 3*?. IMXRGII ^SofB^, XPI Z^(self-interference)OI XiBH^EJ a«S(*)OI SO. OIS £2M0|!A1, £6j 

^, ^I^MM ^^ofb ^XH Cfi XI ^ Oil 2]5H £2J£j^ XPI 3.Z\o\X\ fttzU. A\M , e!XH ^SS Cfl 2^H2J 52f 

»U2| 3S20I ^Xl£Jb S^0il°! ^IfSC*: (j) SB xH^OI SffeD. SE^ (ii) ei EH 2.^ 2^ CH 9J^£| ^(intra-cell) 

2^ bPF fll^(0)0ICf. ^X^2i ^3 §^o^| &h^l ^ SiXief, CH S ^SMOilAi olg^B ^A^xl^ 1 2iCf. (i) SE^ (ii)2| 

^M0| gi^ §?, 40| PHofb &XH2I ygOl S^l CH ZfBei- 2^ UOIW AIEl(STD) AI^^SD CH U^IHI ^^£lfe ^ 

01 ttgStJI @Cf. 

dUH. ^i^^M ^fofe ^XH2J Cf4^2i §^ 3 M Oil AH ^ s|^5f@a. ttldlAi, Cjg 3^ ffllOISOl SEfe X^l 

^SoMU oiegj. ^ e.^01 o|Ei^» Zt^MCf ^A(l& ^SMOilAi ^EilU Oi£f|0|2] ii^llSfb etEilU CM £11 01 ifi§ 

aa. 



2^ e ^92i sj ai oil oil a>B edi gxi2i M^^oia. 

3 « ^ ^ g oj o, MMmm [C}e 2^ §6J Sx|2| Pi ajs g^e2| M^£0ID. 

4^ S ^S2| il ^'A| Oil Oil D>e 2^ SxlOil 2J6H &^IIM2J sg£0|Cf. 

5^, ^JH2| ^14^ D\m M±mm 0|go^ <meh S £ CfOlbHAlEi AI^SM Olgohfe 3^011 2*101 AH , ^EilU CH ^| 01 Oil 2J6H 2^£Jb 

ii ^iet 31* sEH ^>J^I2| Oil AH^J aj^ CH 9§dlC d|H26fe SOILf. 

6^, eiXH2] ^1^ Alr^^e Olgo^ 2£ §Xi2| S SS2I ^ ^Ai Oil Oil 0>£l 1§3 2^ ^SlU 01 £11 01 

oigshfe e^j &xi2j s^oii sicHAi, ^ajs aj^oii ch& MB ^&i\s\ m^m bims^b soia. 
aioo 

s nil oi soi ^ soil ah se^ x^i ^^oi ^&6^u ei^ei ^ zi^oi oje^ ^sci ^m\& &%mo\\M e^am chbiioi2j 
i^ifoPi ^ioH, e^aiu oibiioi &»«^ mti sxioii °ioH a^i^ei^ ci^°i ^haxF sxieoii choh ^^ej 2^ )ji^ii 

gs^Cf. D\m JU^2) z]™m^. Cf^2J ^^XF 9 XI 5 21 ^ SIxH (venture) SCffe gg «HxHOICK b^^of^ilfe, S^(joint) £J^§I^, 
! ^ S^J SxlOilAi ^ffEIOJ, 2} SxlOilAH ojEH^ * SfiSI 2J^^°| OfL|£f, 2J- ^fflXJ §X|2f 3 XJAJ^2| xfi^ 

oi^IOII ^I^SFOI ii^ll£J^ e^J SxIM ^^^Q. ^l^M2| 5§ Sj^Sf^, ^^si- H^Ail^OlDI, ^Ol H^Ail^M 21Bo\ o\D\ 9\oW 

J ^XF § XI Oil QIEofe 9fe ^I^MOI S§2g SCf^ ^'^^ SJ^lfSi^ aigS^ ^I^MOI §2j^Cf. X[D\ 

h&o\b^. ^jhsi 2^ aesi e*am oi^ioi ^gaa ch ^1^^011 sajb ^bi ^»smi ^a. 

of. £ 1 UiXl £ 6g SSSfOl » i^i CH ^S^d. £ 18 g WSSI ^ ^A| Oil Oil df E AI^U(100)2J M^SEOICK 

s^5mi^, m& Ai^g(ioo)^, qsck") ma mti m^mm sss^ 3es& aes^(cDMA) g<M Ai^goixi&h, %m ^i^^o^oiiah 

&SXFM8. £ ^SOI A|^^ h CieS^(TDMA) g^j A|^S 5|B Dglf(OFDM) Al^gj §21, °J2J2] e^J 

^SOilAiS Olgl 4^ ^ 4^ 2iCf. O^^oF^lfe, 2| e6J xH^^, ^A| 3 £ (Walsh code) g2| 2]Af Sg(PN) Al^^M^I ^S, 

^3 3E1 m mU2| 2E§ ^dl^Lf. 3E2J Olg^. ^Hf^ Qi^^UiOil Lf^EJ pAj xHy ^2| oigelCf. 

^ A|^H(100)S. (£A|^ 35H2)) D^E] XIEJ^o^ p ae ^1X1^^(1 01 -1 03)M S8SD. ^ ^1X1^(101-103)^. 2|2|2J Aibl^ ^ttiEl 

xi« t ^(111-113)011 g<M Aiding aiseo. d^^m^ii^, ^ ?ixr(ioi-io3)s. (eais 2^21) q^ej oneiioi 4^x^(121. 122) 
^ch£ smsi o^aiu 013101(120)^ a»ea. saj ai^s(ioo)^. ^cussf, ^6j^sf. se^ ?^5^ §21, (^ai@ 3:hej) 

>EJ SxlM(105-107)e CH 5BSO. ^ ^a» S»(105-107)te. Cf^EJ aiOIB S^M(Rake fingers)e SS BIEI 3I0I3 

-jD\m seem. HEi aioia ^^j^im^ &6h 7i«so^oii/d uai ^xiejch w^ioiiAi^ ch ^ausf^i ^ssfxi^ s^^cf. ah 

Serving) P|X|^(0l|« mo\, ^1X1^(101 ))S. 3(8IJ| Sfl^ Ai^J ^IXI^EJ tf(0||B MOi, ^(11 1))Ui0il flflSUl ^ ^^XF SXI( 

5-107)011 CUB ¥6j ^61 AHtil^M ^£1 6fH UlSBa. 

^S2J E CfE AIAIOII, ^. "SBB (sectorized)" A| Oil Oil Al p ^ 11-113)8 Cf^EJ ^JEiM^ 4^SE Ha. &D\ mm<B MAI Oil (Ml 

^ 3IXR(101-103)S. 2f^0l a^EJ CH SIOI 4:XfMe S^ofe Cf^EJ ^BIU CH Sil 01 SS fi&&C[. ^ 5| XR(1 01 -1 03) 2| D^Ej 

oiaioii e ^oi£ ofuei ^aiu oieiioi^. ^ o\m a^Ei ^ehm s ^ ^eioii 2§sd. 
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x 2fe g gfgSI m dl Aim Oil Il§ 3|£;}l01-103)2| MEOIO. &^SJ dl£l »0|. t©5|S|31l*=r. a» 3|X|S}(101-103)g 30IE 8IU2J 
1'QIU 013101(120) » 01 at 01 5X|§(121. 122)8 SSftO. 2I0IU <XaiOI(120)te. 010I3SHSAII AH SEfe ClXlg <M£ xHEI3|(DSP) 

S2J. *| £| 31 (206)011 3CHS 21 2f «S£lb =$^¥(202) » 4=cJ ¥(204)011 XH£|3|(206) » 39 Oil ESI (208) fe. 3IXR0I §e« XI 

§1813. 3(1 #S 4=S8I01. iHi^lOI H£31Sg 4= 21E^ &CI. 

2 3S as ussi a MAioioy mm 31x1^001-103)21 ci4=2i <y§ gssooo. 301)21 s^eoici. 2^21 s§ asooo 301) 

= . 3|XI^2I CfEflU 013101(120)21 E14=2| 013101 5X1S021. 122) g S1U2I 5X10II CHSffCf. QIOIEIfe. 3IXI32J H£|3|(206)^Oh'aH 
£15= §§ HSDg(application). EJ= Si SIS Sflgf(PSTN) SEfer °jEiy! §2J, £|^ U|Eo, a£f oj o^moi^s) Ilg QIOIEH 55(210)0^ 
21 OH 31X1^011 g 3 (source) SCI. 

HOI El 55(210)1= XHEI3I(206)0|| 2g@Q. E 3011 EA|@ d|21 BOI. XH2|3|(206)te. 2J3CH(302). C14-2J £fcJ3|g(306. 308;sDreader) 
^ E14=2| Pis S3IH§(310. 312)8 H»»Q. fiJ3CH(302)fe. QIOIEH 55(210)£¥H HIOIEHS 4=cJ813. I? 3S gr&! Efe 3 
a §21. 5§2| 39 g&jS OlgSIOI QIOIEHS °!3E§1E1. 3 *. 2J3CH(302)fe 2I3SS QIOIEIS E14=2| Sfcl3|g(306. 308) 2f^OI| 

asrea. e wssi as *jaiohoiiah. xHEi3i(206)fe. 04*21 si<y3i§(306. 308)chi sgsife siaga gioiehoii b/h saga qioieis oi 
aeissife ejEiaiws ch ssgf 4=e sici. 

-14*21 «1 6)31 g (306. 308) g 2) S}<y3lfe S)£) 2E gJgPI (304)011 32301. Sfci SE gr^3|0|| 21 5H fllgSfc. d1g5!813|lfcr SA| 3E g 
3 J 2|A1SS(PN) A|f!5°! ^ 3 = 0)1 (TJE| oi 3gs! QIOIEIS £fc)AI2JCf. 3 2| S)ci3|(306. 308)fer. *AJS QIOIEHS E14=2| 3|S gym 
1(310. 312) g 2) 3|s Simon Si&D. 2} 3I£ 2301(310, 312)fe. 3 QIOIEIS 3ISB2I bH^LHOII S»S C14*2| 3ISS g 81U2I 3|s>£ 
3S8IOI. 253 Ql 01 El Oil CHgSlfer Dim. 5Egg 49«em. & BS2| gJ ^A|0||0||AH. D\S. SSfflM(310. 312)S QIOIEIS gSSoM ?)8H S| 

3 5!^ SS(QAM: Quadrature Amplitude Modulation) ggS g>^l OlSefCf. 32)14, OlgEJfe □ gggj "tAioi S &S0II 125! 2!S 0|L| 
H. S6H 3I650KHIAH ^9 ifSXIgg. g gf§2| §<M %j g?|LH0||AH 2?I4) SOI S£ ^^(BPSK) Efe 5)2 SH*f SOI S*5(QPSK) g2| 

3AM eSS gf^OII/H. 2t 3IS gaffl(310, 312)fe. Sr6!@ QIOIEIS QIOIEt HIS soj P3H oj 2 £i Q|0|E) ^yS2| 2££ S^SIOI, Q^2| p-# 
IS (tuples ;Sf)S gS*!C1. 3 2f 3|S gSffl(310. 312)fe P-W§§ M3H2I S2ie§ g QlSSIfe S&!M£ gSSSfokw E|^2| P 

-ii ^.^« S^SIffl. 01 3| AH. ^§2| QAM tiHgOIIAH M = 2 P Old. &D\ =2JS 9|flfl, M3H2I 3|^sf S oie iS s»8^ ^§2| QAM bH 
lg, dlif5)oi;Hlfe ^ib 2xfS(l/Q)gZ}Pj, QxISl S 2! moil AH §2iaa. 2X1S! S2.HJ°| ^ S2JMfe23H2| 4:311^9 31 S a; El S 2| fflJEIgf 

2.^3 ^E 2iCf. 23H2I ±3\m^ 3|g "lEISe. CHSol^ QIOIEI 3IS, Efe bDS 52JM2I §^(l) SI *!3(Q) ^SOO ^ □^Ss^ 
:i. H?S S°IMB gaiWted Olgtlfe 23H2I 3IS e*!EIM2i ^ 5I = S 3 52JM2J 2X1S ilSSS 2.^1 4>E SICK 3IS 2Sffl(310 312) 
« 2ie 2f P-WS2I ^2 QIOIHte a^g 9)oH s<y ¥(202)011 XH £| 31(206)011 2ISH SBSQ. 

saV(202)fe, E14=2| §=3IS(318. 320)g ofU2| ==3I0|| 2|2} Sjggfe Q^2| ffi^3IS(314, 316)S S&&C1. Eef, ^<M¥(202)fe 
:i^2| 5*3IS(318. 320) m 61U21 S=3I21 D4=2I KEIU«(121. 122) g 5m°| PiEHUZJOII 2*2f sggffl XH £131(206)011 CH 
:i4=2| 31g3IS(322. 324)S SBfiO. CI4=2| S£3IM(314. 316) g 2| S53lfe. Z| 3ls 8Sffl(310. 312)S¥EH ^53 QIOIEIS ^<MS1I? 
3 ^59 QIOIEIS ?i! ^DI^(RF) e)^m ^OIIAH 3 °, 2|2|2| B!^nife. ^ 2531(9314, 316)011 § = 31011 Sif 
H3, 313I0IIAH 359 t^nife i=g2 g=@ <MS31 g=@ 2} 31g3|(322. 324)011 Sg@a. 2} 3fg3l(322 324)fe XH 
•131(206)011 2I6H 3fg3IOII SlgS 31g 3114=0)1 3ISSI01 ^B <y£S 25S13. 3|g£! Ajgg 2} 2iQ| L1(1 21 . 122)S S6H S^efa g 
§21 M Al Oil M Oil AH. 2| 31g3|(322, 324)fe. 2531(314. 316)21 §^3|(318. 320)21011 6hSE|3HU, Efe, S53IS(314, 316)011 ^^61 
Q XH 5.1 3 1 (206) moil 4=E 2iQ. ~ ' 

^3 31SX1 SXI2I AH 3|XR(^. 3|X|^(101 ))ES¥EH §IS 312JXI Sx|(^, 312JXI Sfl(105))0fl 2|SH 4-6!Si RF assj £|^21S1 
2. AHS 31X1^31 3 AHgj 3IX|^0|| QlSSIfe «(111)LH2| CIS SfS 31&JX1 §X|S(0||S §01. 312JXI Sxl(106. 107))^2| mti3 RF cJs21 
H Mi S5aS13| ¥ISH. 3IXR(101)g RF aS2| gf^S ?I6H 2!QIU 013101 gg« 31^8 XHS21P-. 21QIU CHaiOl gig 3|^g 31 XI 
?0|. 31X1^ 2iaiU 013101(120)21 2f 5X1(121. 122)011 3 31X1^011 2I5H &S@ 3|g 3114-011 3ISS101 3ISX1 3X1(105)011 §311 2§S 
-iiSS gf^lf 4= 2iE^ &Cf. 

a mgoj o, ^ A |o,| - g§ i|2|S1°^A|0l|0||A|. 3|XR(1O1)0|| 2I6H A1dl5£lfe El 4= 21 312JXI S«B(105-107) 2f210ll 5Jg3lfe6ICH. 31SJX1 
yxIS 212IES2) S£0|| 2[2f 5js£| fe 3||4»Se, a^SISQI. d1&2jS13||fe. 31g 311 4= S 21 g§ a^JSIfe AH gJ 31X1^(101) 

II 2|SH 4=833. AH gj 3|XI^(101)0IIAH ^SSOI. d1&S|813||fe 3|XI^2| xH El 31 (206)011 2I6H 4»8@D. gg 4|S<» ^A|0||0||AH 31g 3114= 
IS AHgJ 31 XI ^(101)011 AH I=2g asiSISCI. 

r. 4fe. S VS2| a 6IAIOII0II OB. 31X1^(101) g2J 2^ g<M 3X1 Ofl 2ISH ^SEIfe PiQIU gJgg 3 311 S 21 fe£| SSE(400)0| El. te2| 
^^21 4=a ii! SXIS. § 3ISX1 &XI M(1 05-1 07) 2|-210l §51 S^tf CH A| 21813(401 ), 2$ S<i! §}xl. § 31X1^(101)01. 21 
ISX1 §XI£¥EH. 3ISXI SXI21 2}212| giBIU 5X1M(121. 122)2!2| SHI fflU. ^ fl|&(112 SI 113)S¥EI. §. AHgJ 31X1^(101)011 2I6H 
.Hdl5afe m 01 21 21 SSS^EH UH3 AWGNE£¥EH2| bH9 2JS2I XI = 3 21 (autocorrelation) Oil 21*1 §21 4=cJ21E1(402). CIS 

2| m0\ E14=2| ^JEIIS SSSIfe 3^. bHS 2lflS. 31SX1 §x|3| ?|X|813 2ife 4HEH 0121 21 «(111)UI2| 4!!E1gS¥EH2| 2iS 
i S&l 4-E SI El. 

12JX1 gxl(105-107)fe. cJa°l 31X1(1**0) 8HSS 2>fe 5X1S¥E1 4=cJ@ cJSS & 2hAISE£M1. 3I2JX1 §X|21 CH3I0I 5X1(121. 122)2) 

■! sni ays *g°iEi. wis soi. 3ixi^(ioi)B. 3isxi s xi on aaxi3 5X10)1 tgafe ni^a 3iss2i Aia5, 5§2j niijsd a 

I 3E §21. ni^S 3ES 5XIS S3H Sf^g =^E 2iCH. 3ISX1 SXI31 4^cJo12j. 31°JX1 §X|fe 4»cJ@ cJsS 31X121 

i 3E Efe 3ISS21 351AI2JP. 3 4131 d 1 3 Oil 31 S 8101. 31°JX| Sxlfe XH ^ Oil 3|°jo1fe cJS 2H^g g§§1E1. 
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13 XHf9_-fl ^?9SFb 2S(7*i CH CHgCh _-g2l SJ _U|C4|0||Ai f PfSX^?kl(105-107)te ^1X1^(101)0^ ffl«»)5__i¥a 

<_J__fl ^5§f2 £i__M"*-_^© Aj^OjiAi dH3 »S#afiT^S SCh 3 gH}- dSb, bHS gfog 

f 0I^CHX|3. 93| _J_i2| x^a^^ □ ^ajojj Q\m 93| dsl 9^AIIJ5___Ml ~?ai ^ii 4= «CL £ _ h S2l CIE _|A|OI|0||/H. 3^'XF 9 
i~. 31X1^(101)01 3 tt_2j xh^s Ai^e »8 AIZ! ^3|*}___^ gatJ(blanking)&ogMi, XH§9SS ^§l f 21 EL £j£ 

! 61s.D\ @2HSJb S*8 A|Z! §°J, 4_'S __>_- dH3 SI2^°J 01^01 £!CL DAI , X^9_-8 3 X>_!01l CU6H 931 _]g g a^ a) 

i __-g21 SE UE ^ A| Oil CHI AH , 3hgJX* 9x|(1 05- 1 07)fe. 3|XI "M101 )0|| 2J6H 2£8! 4^_i _!_.2| «Si ^9&°i_MI(3 X>_01l CH SH 93| <_ 
9_-A|?_£___.Ml) HH3 Sf§2] Xim&^m 4^_E 931 9_-8 <__> §§ &4>2f dHS B^»2| ^01 EE 3f°JXf 9x|_t xH 

! am §s2i 4><_ 9_- _-4- e¥S 3ixi-*ooi)oii asecK 3ix|-}(ioi)8. an* xHyni- ^iKoiii mo\. m^*£ tim 2^=21 
u^oii 3i_^oe ^gjx> sxioiiai _»ira_f urn _r8. d£Mi ch© <___ 3ii_-©ch 3 ^, zhg 9_-8. 4*__ __i2i 9a » 

^_1¥EH _"_iO{l CHSH 3tl_-€_ _t_:S _i£-_M{ «(HSCh 

14>2| 013101 __»»(121. 122) Q^2j 3f_'Xf 9x1^(105-107) 2[2|2f2J Sltf xH^MI!} 2| 3t£_XF 9«0||/H2| 2J£ £f321 e!*!0il (tf 

K 31X1^(101). tttBSIW^te. DIXIES] xH£|3|(206)i_, OfSHOII CH~? 9Allo>3|| _E_2J 3IXI - * :»§§ 31)^it:D> 8J2I2I SSOll CH 

> 2| pfBJf Sfl«|/H2l _!_! CH S8HI(SNR)» H9©P(403). 31X1^(101)8, OffflOII CH^ & All SMI __S£J__ tlf_tf SOI. 5§ ssl^Sf SNR 

!2i sich ate timo\t: i\m n^mm ?u^ii i§°^ __i*t£}©EK404). 3 uixi^aonoi ^ixi^oh °\m mu\± 

!^ ^^XF ^Xl Oil ^sl Cm, XH£PI(206)b ^1X1^(101)21 ^F§^IM(322, 324)011 ^1^®} 2^°|p( 40 5). □ 8^H 

i ^^^IM(322, 324)8, £1 £131(206)011 21 5H ?IBJ\0\\ 314- S OlgoFW 01^6^ fifSIU CH £11 Of 4iXK121. 122)^011 Ai 2^£|3 

'ib ±ls.m ^^6F3(406), n ^, n ^sb CH§6fb 013101 ^XFS SoH S^£JW(407), tdl o§° §SS[C|(408). 

-§>^6^lb, 31X1^(101)8. 3 XF6J21 □gofe ^(111)21 £S(^, ^LH2| J[QXim2\ SEfe 9g2Sb, 3[°JXF §xl(105)^ 
s H»ff ^El2l ^3 aia. OfIB §01, Ell 0 1 El » CI3S g>^M3f 1T0I, 2f^g ^ojj^ 9X1(105-107)011 CH© Gil 01 El ^£3f 31 

i(ii^)OjO£f3 ^SIoUK ^31 §S0|| DJ£F, ^^2| 3^XF 9x1^(105-107)011 CH© SNR H^^ZiMOl SBtSa. &3I2F ^8 3?, 
1X1^(101)8, il^ 2IE1IU 013101(120) 3hg 3j|4^M2J il^sfOII ^^3^© ^^^ 0 | ^XHoFbXie l§8[Cf. ^, ¥^1. 3|X|^{101)8. 
, , ! 2l2l 3114^ ^&0| S8 3^Xf§0|| CH© SNR 2?5>jil °l^o^XIM ^§©Cf. ^^3^© #^<^0| ^XHoFb 3?, 31X1^(10 

>8, 3 1 XI ^ Oil 21oH S^£lfe §2^1 £1^5*6^ m^&m ^ 9X0\\ SCf. 0|S ojoH. 2iS© ^^(112, 113). £^ 

>S© ^EHSCHI Z.^ CF^ m^molJU @CK ^CH^i ^SOII CHoH, ^^3^© #¥^0I ^XHBFXI i?, 31X1^(101)8. 31 

I^Ojl 2loH ^ Si^ SS2J u^E(%)M sJCHsfofb 3f§ ^ 2^311 @a. 

: ^S2J Cfe ^AlOil. m^m H ^M0\\0\\M^, EAUKapproximationsJM OlgohOI 01 2H 3^X^011 CH© 3^ 3j|^Me ^j^j 

^ Si 311 3^ 31|^#^ £j^l|(404)6^ CH6J. 31X1^(101)8. S§ S^ll SNR ^21 eM2>t# ^§6^31 ^|6H CHil^m 

!§©U(409). OiE^m OlgoFOI, 31X1^(101)8, SNR ^2| BAh^OII 31^8^01 C|i 3^»Xf 9xlM3f ^il^OI 2| 3f£JXf 9x1 

i ch^s^ 3^e 3ji^e§ z\*\mm ^ sun EicK4io). 93m ^8 ^B8. 3ixi^(iodoh ch© 311^921 ^^Ai3i^ oiss ^ 

CK^ 3^'Xf S X|M(105-1 07)011 ^01^1 311^921 ¥&8 ^Zf §3HT ^£ S1XI°0- ^3|2f ^8 §E &S8. 31X1^(101)011 2joH 0|g£| 
• 3^ 3il^S2| =iJ 5l^Sf3K 31X1^011 JW^ ^ Zh^ §MI S£oF3| ?1© CH^^S §^,^2^ g HQ^oMI 9^ OISM CH i^fe 

-. 3fS 3H4^S01 3^'Xl- 9xi Oil AH 3j|^£)^. 3 3^ 3U^M&>g 31X1^011 SU. 



■ XI 



i(101). mg^oMlt: 31X1^(101)21 XH£I3|(206)^. 3fEiXf 9x1011 CH© Cf^2j 2I9IU 013101 £XH 



K121, 122)011 CHgo^; 3he 

^^(W! , W 2 .i )m iJ^lf&o^AM 2| 3f^JXh 9x1(105-107)011 CH^of^ 3^e 3j|^Me ^96^01. 013IA1. 3fg 311^^01 ^J^Sf£J3 
^ XII i 3^X^ 9 XI Oil CH^S^fe ojQj^Oia. xH£|3l(206)b, 3^X|- 9x12] 9& 19 31013 4^31 #^21 SNRM ilCHsfo^ 3hg 3||^§( 
, i ^ w 2ii )m 19^^^M1, XHi 3^X1- 9x1011 CHSo^ 3^e 3114^^^ i)^ 1^6^01. 013IA1. SNR8. Q§1 ^8 SNR 2) g§ SJ^lf ^011 21 

^oisia(oi3iAi f oiou>. ( ^ ^ g oj gjaiee ^si ^^^^ ( ^^o,^ 9x1011 cnea^. n i"^ ^21^ ^9^0). 

) 



I* 




V" 

St. 






V 2 




X"' 


r 

n iKi. w aj) +Q i + 


lMXM ; 





31 



o§a sroi ^chso. 



aM( ? ^f )oi &am 013101(120)21 ^x^d2i)^ %m 9xi(^. xim 3^xf 9x1. se^ ^ (1)21 moioiiai, «n 3fojxj sxd^si 

2^ XH^MI UEfyjCfl) 8W. 21B© ^§1 ?loH. XH^M2J 4» AlZISJ 9^dH 01 2J Oil AH M£(0)^ 3^8f°^, ^E-j 



8 xH^2j 0139 UEItHQ. K3I- D3 9011 g6! xHyM2J UEfLH3. ^ ^ w 31 



cr 3E011 ^1^21 ^l^g. xH^Se UEftHCf3 o[X\. ZIB6I o[3l ^ oH . a4-2J 3^Xf 9x| &(1 05-1 07)^ 

•-^X\ S x| Oil ^&£1£^ oj^^^EK 



UN §!A| 3H3^ XII i 



-l£f^j S e.'Ei^ Zi^2j ^£E0ll 92JM8. xH^ H( 
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*!f 2 )3f mmm £01 omm sssiae seat 3 act. xHyeu, 

* f 2 )oi ct§st ^01 §asa2 sixk 
, 



',=?/(i?i'H'.ry 



UBt/d. 



I'.f+IM 1 -! 



It4=2| £Xfg(121, 122)2t g}8H ?fgJXf 3xl2J2J SB XHggOl OIILHXIM 3H! ifife SCI. OI2f ^AtolIHI. gJgSJ = M a 

= A = ^ y s. ass egoism 120a. 

M^S(100)0||A|, S6I xHy M. 5b 2E XH^MSJ 2*2*011 te. 2| ^EilU CH3I0I ^XF(121, 122)011 Djgohfe 3>g 31 40^ 8880. 

2JHSI ±11 e^EilU 0121101(120), B ^4= }^ 3H4*S(wi,i ,w 2 j )0| K3H2I 3E XHy^Ofl iSSC(2 ^^6h». 2J- ^Elfe Oil U 
vIM i^b 3101 

flli 3E SHgOII gg£lfe 3Jg»(w,j ,w 2 ., )fe, 31 i ^gJXt §£1011 CH& IS BEI £11013 4^5 1 21 #^0)IAJ SNRM S^StoPI ¥1 

»h HJiai aseg geisa ahs :>ixi^. ^. 31x1^(1 01)011 sjsh s^sife ts^s, 

* Oil 2I6H 4=01X101, 



t4?(Kr + Kf)-±4? 



2 



^| :|IR25¥Ei Hi ^81 Jl- § XI Oil 2|6H 4613^ #2^, 7 S, 

J or 

k /„ _ _„,n on siai ^oiaa. 

=EA , (lh,f,+w w f J f) 

'te 511 4= § (wi,/,w2,o£, a * f 2 )£| ejsH. mi ^gjxt §«oii/dsi <ys 2^ / e 5ii4»goii ©a 

srataa. w&m, {w,., ,w 2 .i }si a^a a^ a^i sgaxi sf°s. em ami 



/ e ?hei» mx\MM na&Tt sxiaxi sai ao. oias oi»s. mm 4=tf i or s as;» 901 



or 
1*1 



.|£IAH, OPIAI 0I§@ §2|0|| CH6H. ; <r IBO. £fi, 

or — *or 

( 2 \ £ 25 Hfe SOI S^SIffl, 

2inf {||af 1+ /?f 5 l:|a| J + |>9| J =l}/ er 

= r 
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r = {||af l+ /?f 2 |:|a|-' + |^Rl 



aa. 



tHUXffi S! fz)0l i!i2S ^DOIPj Y >0 S§ gf 4= SICK 

y^l Vfiiig, #31 2i^0l oieyi S! £!E)«! B 61 Oil 2|6H 52 CMS IIUHEIfe 3 ¥011 £13 :?|g 3fl4=S0|| CHB SJHShfeQI ^§81 
IK 3 Kg 31 4= M 01 3I2JXI0II 2J8H SSSfe °JMS|g! t!a 211 €1 Oil 9S1 ?ES, / £ {wi.i ,w 2 ., }2| Sl^a SB £J§6|:»| &X\W 

or 

soi aa. aau. ?§iii§ oigsvoi. xiii ^gjw sxioii °ish a^g^ eiMeig! z.^s &B3f sjb°s bss 4- sashs. 
i or <; / si 0( 01 a. 

r ^ or 

adf/H. SJEH^ 2!£Jl oc CHI 5J6H XIOHSfe ^8J» lor/loc -02^ BSS*. 5AH 4^ 2ite0l. Olfe, / /l oc -0g S^S^I ttHEOiCI 

or 

012} ^Mo\?U. ei^£f^ 2}£(XI °I6H XldHSib IfSS, l or /l oc ->oo^ &o SMI< £ A HI 4- 2ifeQI. 01 i=, / /l oc -oo^ S«WPI 

or 

iioiB ^<y}imon s»@ c^si aioia s^esi g^e. ^ ^sixi 3x1(105-107)21 s& aioiB 4^2121 e^oiiAisj snrm 
ii^spi ^5H a^aoiot &a. ««. cfai &sh ^an sxpi- ssi^-r* ^bD2 ^ssm. aoi. ^ehmUi su f 2 )oi 

i»g(121. 122). 2|2[a SxIZISj S^SfS SEf SH^MM UEfaCfH ^§6W. SeHdg gJXI ^Aj, xHgMtft 91 f 2 )g a 

<0 OI^U j>M0ia, f,.j = 0°^£Ch 

iiEi R0| &x|2J SII0I3 S^M^J 1J0IM2J ^'EiS UEft«aH ^S5W. R2j ^Eilt UEftHDIl ^33*12. 

u, = E(R, ) = NA l (w M f u + w w / w ) • 

ad\m, Jims sMsi ^jg sEi^g m&m a*fe sai 3em)°j a?, mxm mm r Lm e an eoi ^ch*i 3^ 
is 5>^a 

AJ\M, NIoMm-l)^ 2J&^ 5^<^0|Cf. 0| eJEH^ Zi^g, ^Oi£! ^IXI^(e^^°^ SfOlM 4:^)2^92] £^ CDMA <m 

^101 £^0j| g§ xHyg goH ^gJXf Sxl Oil S^H^ ( y-HOI^(non-white)^ 9Cf. (T}£fAi r £i S *j ^ I XI ^ CHI 

i^i/h, i oc b eiEi^ zmm UEftna. r^j g^ms g^^e UEfycm me, oi^, mn} ^01 ^chxih. 

^ = E ((R-|i)(R-n)7AT 7 w )= (r - hji- V(W7 J 



;-i *W 1 or 

=/; , t^1^,ri/u/.u»+/; , t^Krz/ w /i'.--^ 

>-i aw y-i *w 

+ 2/-' Kit ^j^Z/w/i , -f.*}+^ L ^-') 



+ 27; l Re £^w,Xy 



'^/lli ~^^fi.kfj.m-l*k ~^jfi.kfj.m-i+k ~~ fijfj.m 
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I2I/H. flMS Qi 8 5M<iK)|| CHet SSH D\ gj XI S*| <MS°J PlWOIJa. «I2 Sf fi *S SSdKMI CH& 2^ CIS ?f8l» 3|0<OICf. g 

H SXI2I mm iH £11013 4=<!J?I m^0{\M2\ SNRg SOI ^OfXICH. 



-.ffitAJ ! 





!2|/H, 3A|g Q, (wij .w 2 .i )£. Q, 01 2H4^a{w,., 



/ 2 .i >2| §^£J 2±g UEILHteHI 0|gE|»Ch 



la ^ssi g& soii/hsi ai2 ss. aenf aoi sAtsta 4^ aa. 



Q 



\ ^ ar J ^ or 



21 BM&m 0|go>E, &6H 2^X r 3£|0|| CH» SNRg QE Jt2m 3XI80II QioH Olg£|^ 2Fg 2114*011 H 013 2|^ofX| BO. DP- 

-ai, 2^§ ^i^^(w,., ,w 2i , )g, E c /i or 3f i or /ioc 21 aaoi aatxia ^asiss si^sb ^ an, co/h. e c ^ ±& £issi se^ oilui 
a, u g ei^ei^ z^sj 2^ oiiLixioin. t oc °iam z_^2i 2^ se^ oimxioia. 

: /u si » s»d05)sa. 2^x1- sxioii/d ^§§J 4^ a^m. ses. 321 &g piii(K»)e!) 2ixi^(ioi)HS¥a 3 

i on s^a ^ sici. ior /ioc si ae^i aoi 4= aa. 21x1^00001 §rg 2121- gei i^bses, i oc ^ &sh 2^x1- 3x1, 

2fgm 3x1(105)011 2joH ^31 4- SILK □ 2fE)Xf 3X|(105)fe. (2f BHIUOfl 1^9 HfSIS! £isLM OlgolOJ) C>^2j OiaiOl ±Xim 
21-122) 2^SS¥EI 4£!S ^aM2| Qffl± SB OHUXIM ^3SHa. 0I8 (Ml U XI a 21X1^(101)011 CfA| BSBCh 016 0IS8I- 

. I* s «a e sua ^f^jxf sxi(io5)oii 2i6H 211^1* ^ aa. o\\m mo\, 2^x1- 3«<io5)fc 321 oumxisaa ^ixi^ 

odoii 4^ an. :>ixi^b i or 2j &m M^sm ai^e qai ^^ejx^ 3x1011 s^s^i aa. ci§ 011 s/h. ^ixi^dous ^axi- s 

(105)011 ^I4-MM E^m ^ lor S 3XI0IIAI 4^ 2ACf. SE CfB 01I0IW, PfEIXf 3x1(105)^, 21X1^(101)011 EH 

j\m n^mm n\&m ^ sicf. cuafAi, ^fgjx^ 3x1(105)^ 21x1^(101)011 °\m oi§3b 2114^^^ i^i sin, i or ^ 3 d\^x\ 3x1011 
»^a 4^ aa. n ^, D\%m 3x1(105)^ i or a i oc 2] ^siis^Ei u i oc si aie ?nasfai sa. 

s §?, 321 EM^e(32i ^(2)). ci§]3f ^01 a ei&ifs 4* aia 



^S2| 32|2f 5FU2J ^ AIOII CHI Ai . Gil 0| EH CHI CUSH, ^0| ™E\mM W 4|EI. SEfe ^L4I2| 2121 2^ 2h^X^ 
XI(BS A^XK 5b "n^ »9(high allocation)", tfAl 011)011 BBSIHS, E c /lor S ^ "1"S BO. 321 ^AlOIIOIIAj, Cie^f 2M&m 

mm ^£ a a. 



^S2| 321 AIOOOIIAI. SoH 2^XF 3x|2F "n 2|6 r ^(high geometry)" ^3L4]0|| ^xlofe S?, ^. l or/ l oc 2^ e 3^, aM3l 
OISS 4- aa. 




afA| 3 




S 2?H g^S2| 5tf £Eg! sag 4= 
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>S|A| 2. 3, » SA(J?;!r, 931 EAF&B S »U2| SAf2t« 0I8»0@EI SEfe «(111)UI2| 2^ ^8I»«{105-107)0|| 

:UB 3hg ^jl^il §§2^ 5j^oLb~^lb oj^oj sa,^oi ^jxjjsi gfljg^ ^oo^ ; 2| ^lojjl 05-1 07)0|| CHSr 

^§8 ^B^iSS SISJSlSa. m^^M £!9@ ^S*!2J Sl^SfSI ^S9S, OlgaH 2i*r eAh2^0il »£f g£}£!Ck SEB, Sl^Sf ^Xij^ 

-a 3i6weAtas oisstoi z^eaa 4* 931 i or/ i oc g ej bisjojs go, nau. xi 3is^g sg:ni i§ 3*s^ss. q§ 5 ai 
assi oisoi en :h2j xi^mm &&8t?ii so. 

:h3iai. snr a am oiaioi(i20)£¥ef s^tin, 3jgj» 9xioo5-io7)oii/h a« Ha aioia 4^3im oisskm coma <m^ 

}|| CH6H ¥0iaQ. JiS 3I^S2| 2| Ail^±= p|§6[b SX|(105-107)UI2| 90 BH(Rake) 4*4 3121 m^OUM SNRg £]CH£lof£s 

SNR CieHI SS SJtSS (1) 2f2J2| ^Lo«xf SXIS(1 05-107)011 CHS 0)9101(120)011 CUB 3h§ 3114*82] 

yejAI £|*!SI£I0I0|: 5Jfe SNR 3|g. (2) XPI 2>«0I 2211 CLU. 2^21 3>gJ» 9X16(105-107)011 CUB BSIU 0i 51101(120) Oil CUB 3^§ 3j| 

ric si^iss 4* siafe a^, (3) £1^21 cuaioi j\m m^mm ^i^s^i ?i6H 3*gjxf 9x1(105-1 07)S¥Ei 31x1^001 

Oil niH^QOiOf Sfte a@2| (4) ("2 31 8W »asm3| ££011 2J6H XldHSfe &3M01IAI2J 3hgJX> 9X1(105-107)2] SNR gg, °! ( 

») 5§2^ SQb ^jxjsf^ ^ SNROil CUB SfHB eA*»(0IB«l). 

US« 9X16(105-107)01 g§2^ SCfb ^Ba!££ ^ 6 L fe ae 3|^M£ 93! ^ SID. MIS ^Oj, ^§|a. j 

HI SJoH SB£lb SIXII SNR <Ni 018© 4> 81X1 B. B9SI Sfftf Q 2 2011 2I5H ^0]*! EAf^2£ CHMISO. 



2 2 



V 'or/ 'or 



^31 eAt&g, 3ixi^(ioi)e! /h^j 3ixi^si 2^2j aehoi yam 0121101(120)21 2^21 4s»g(i2i, 122)2*2* ^oiiai si^g on, 

£B 3^§ ^EieOI gHgo^l XI BS [EH. Q 2 2f M^o^l £]H^, 



5 



oi go, 



i-2 



*3| 3J8IWB2I 2^ XI^SOII °lg6^XI SfHH^, 2j 3JS» S»2| 3M 



511 ^M2| SJ^ll^f ^skai 10J | oj5(| SA|£|^ SNR <N2J 2J5H 0I3?-|X|HS. ^|^M2J Sl^sl^f CH 2h&6HX|fe CHEj 

mmotH fl!B^2i S^MOI ^JHo^l @Cf. smsi «3| 2!EH^ Z!£0| XldH^^ QJ0IP. 2iE]^ ZI^OI X|bH^2i SHI- 

eiEi^ tL^Oll CHB 2J^£}^2l til / / t § SS(0)S ^, l or / Ioc it SIS a 3818^ tfaSSSJH. SB1 4= SICK HJ-afAH. 

J or OC 

/ ! -0 » BIQIMOn/ri. &6H 3JgJ» SM2| 9& gEI 31013 ^^3|2| ^^0||Ai£| SNR^ DM3f »0I ^OlSiP. 

rjr OC 

6 



^L-*-t?>'4::;]) 



J^af^ 2.^01 8i§ ttH SNROII Olgofe. ^>(6)S. ^SH TxAA AI^^IOIIAj 5j^5l3b DtQI} 9xl(105-107)S| SNR ±|0|Cf. If S Oil AH 

! SS| SI D\m H|EHw,.i ,w 2ii }b; C|§ ^^21 3h§ e H^xl(^), Amax Oil CHgofe H«fi!!E| f v ma x 2f SBI»3II SCI. 

7 



1 f H 

> *5 



[f, fj 



n\ sis a§ xHyisj 3^ 314^011 2|^ofxi &31 hheoii. ^h^ 3^'xi 9x1 m( 105-107)011 2jan ^^sib 3^ d\\^ m^mm&ow 9s 
^goi gJH6^x| a 3ii an. 

i^2j ™am oigghoi, %m 3jan saa set aioia 4^^3121 g^oiiAisi snr^ cienf ^01 ^oisa. 

af^J 8 



e 3ii4e2j ii^sf^F ch eiBoHxibr ^112 ^^am «iB^ei °±^&^ ei^oi xidH^ei s^oia. him; / T d\ e ^38, " 

- 1 or x oc 

3io^^"^ses gg xis@a. 2 3i6f«r ^seoii/d, oje^^i a 01 ^y 0 j 9&B mioise 3ni hh xi m^zi zi^sk 

)0IQ. 9sB bl^Sf ^01, xH^M(f 

, ^ f 2 )0l £§0^ S^. / /Ioc 3t 319011 D>2> 2^ ^SlU 019101 3^21 UIB^2J 

or 

1 ! SI 
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°" loc S ^&CHS 8°gM|, aO. CEFa-ZH. /W'oc -+oo2* I*g HI£^|jM. S6H SX|2| S & UEi 31013 4^3151 



m^ouM2\ snr^ ae^i i>oi 3=012 a. 
9 



^ - 



!j» Sfg SZJ2I 3*101. 

Ki» w 2j) : K»r + Kir =i ) 

Dim ^E\m ^So^Gil Hfio^l SCI. 
r§ SSiSPl CH aefllHfe HI 3 2] ^goUl M»S!e! SoH P<M xH ^ CHI tfSS S^OI. 21X1^(101)2! Aj«J 2>|XR0|| 

— £- = ! — « 1 



1 K 



a=ci l (w lil ,w Jil )+fi;*fl{ 



E {w,., ,W 2J }0II ^g^2£ SCK #31 eAhStg 0188101, gSH ^2J» S»2| iH 31013 ^<M^|2) S^OIIAjSI SNRS. QS^ 

^01 an. 

Sf<*i 13 



N 



J,". 



1.1 



2,1 



oi ao. 



£J£] S(positive)2| All 01 01 my (semi-definite; ^3 9^ CIMg CHS&i gfSJ All 0| Qlfflbd Jll^e A§ ^bD. 

> = AA 

9i aii oi a hi m siaoi ciinnyoi g^, Ab ussmi <%™m a*ai mo. ™j\ bsseKwu ,w 2>i }m ueiuiii, ^ay^F a 
:nf aoi ssjsaii ^gsnh 

= Aw 

i oigsfs, qsja ^oi aa. 
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v max te Cl^Hf «g «B2I ^§ ^ H^ti(^)(eigenvalue), ?w Oil CH^S^ H^EUeigen vector)0|Ch 



v rox A'' v ro » 



sf<N 18 

II 2 



•2 

5^1 E!Q. AH ^EKw,., .w 2 .i }b, PE JH^M2J ^'EIMOI iiSoMI 3*0HEJ SJ^°^ 9Cf 



i^oicf. ^pis* i*s 3?, &5H ^an g& ia aioia »§?oiiai 21 snr^ soi ^ouiiq, 
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2 


Ik. w w][Jh 


(kr 






»H-2Rek^^-}>,f 1 ][^J 



■iD\m D\m n^msn S2«2i BiEHfe, as a ss bigg siaisfsffe :ng aiaa ueh* =4= SIS, 

21 



UJ*« i(w,,f, +w 2 .,f 2 )®(>v, ) f 1 + 



UIAH, <g)i= UERHfeQI 01895512, TR*fe ^015! *!E|2| AI21 « ge!j(time reverse conjugate)S U&mfeQI OlSSaCh gj 

>9& gJ Ollfe. S<y A|^g(1 00)^011 AH 2| 2jey^ ygoj ggg gg^CK a}3| oil Oil AH. SSH 2? Ell 14 CH SI 01 ^S(TxAA)S Ol§olfe 

<$ §<y sxi etam waioisi s asoii toy a§@ sj^sis e>aiu cnaioi Dig * a§»! aoibuiEKsTD) pi§i bin 
>a. jma aii §@§(fi a f 2 )oi "2*21 soie s>n. ciem sroi ^oisian ^ssw. 

r, ={1.0} 

f 3 =VV2,l/^} 

<AA 3|g ^'EHfe. Qg]j| 1121 ^§ E I2^S1|EH0II CHgSlfe H^SJEHOII biai&P-. 



1 i/VI" 



I o 



rStM. Dim 3)14=121 §f?S@ TxAA «IE)(waa )fe SOI ^CHSD. 



_ri/V2l 



^ 2^ aOlbHAIEI(STD)Oil/H. 2^ 2^ & Ell US § 6^U2| °}EUU SEi=r Cf^ 2! El I U Oil 0\J\M, OOltflAIEI 

. 2^ 2¥i XHf 1 ffEHUOII eSSMI £J2S, 314^°! S*»S STD ^EKwstd )fe DM HI 1*01 ^CH£!Ch 
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1 

0 



? OH^H^^MOI VBIXIOtttS UEiyiQf: Ec/lor. loc/lor Se* 0HJ& CIMHI 4^g. 

■HI 0112] =^M0il CUSH, 3£ jH^M(2 Uj XI K)«l CHoH #2^2] i«Jg 2JH2J QEHUB ^ ^oil/d 2^°^, 

i = a 2 = 1 £ BO. 

m«(aenerality)* 8IXI S°e/d. 3y^(w,j )fc. «|S &TEH> Sfc ^99 4= X^S , w S. /H^Ofl CH6H BBStJI 

;i»a°s. a 3 2i sa&g aa. qisj-ai, on si ^^mo\\ an, a 3 = o oioein :faso. 

>01 OlgSKM. TxAA2| <mi C|j ggblfe uem 1*01 ^chxiu. 



*f(l + l/v2) 



MF.TxAA 



IB. 2£ CIOIWA|EI(STD)01I CH» Q| §§[j|b CfglDf SOI ^CH^Cf. 



'^1 



N E c /I„ 



4 

A). TxAA SI STO°l &CD3ei Ssg CIS 3} S0| ^OiSCh 



A.. 



MF.STD J 



0.729 (l~£ c //J+ 2.91(7,//,) 
0.552 + 0.177 )+ 1.71 (/„//,,) 



.Ol ±{°£¥Ei. lor/loc-OS, 1 ITH . TxAA 2] STD2] £^£C| 2.3dB CH ^soMI @CK STDOil til oH, XHy &0t|/H)TxAA£ ^^^M 

: 0|^=£ 3dB0IH, l>g Ol^g. 2JH2J xHgMOl »g 0IIUXIM ^b 3 5* Oil El B a 3^ SMI SCf. df£>AH . 012} 2J0I01IA1, 

Dl/d Wife TxAA2J OI^MM igofh ^£ OlI^AI 4* 9JLQ. 3EiU, lor/loc-00 a B40lM0il/d, TxAA SI STD2I &CH 



_ 0.729 (1-E C /Q 
0.552 + 0.177 (£ C //J 



5b lor/loc2f Ec/lor2J »4>SAI STD Al^gg IH§ofb 2£ g£! SxIM ?iB. SEB TxAA 314* D\m Al^gg xHgorhr 2£ gxl^ 
El <m^M §!Ei 4* 6! 2 1 21 #^01IAi2| SNR^ bIBofe S(500)0|Q. £ 4^¥E1 tf 4- &b blSI »OI, &D\ OH S| 3^. ST 

5. ei^ai^ oiiuxi^ JidH^om s^2j g^si e ¥^01 &5H ^gjxfoii 3?, txaaso a gfiof^i ^s^a. ^^ia ^ 

521^. e^2J P^XKKI ^1X1^011 2I6H 2^2] Qj¥^0| CHI 01 EH ggMOIIAH 4=£ 2iCf. £ 6^, S ^S2i 

^AlOjlOll ttfBf 1§S 5J^§I9 2[E1IU CHSilOl Pfif XHS§f 2^ SxIM SE^ TxAA ^14^ A|±Sg jcHg& S# e<^i 

xl^¥B ^^19 <^a0il §^ UE4 4^^^I21 b|H6^ S(600)O|C|. S ^§21 SJ^^S ^2i OI^B. ei^ei^ Z!^0| 

i^SCI ^A||6H2 Ec/lor 01 E S?, ^&8I 3im ^ SID. 
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**f»e. c r 42j ±X \ 2i$\l\ o\m\^p.gz\$= Mm i\i\*unm mo\, :Mxi^(ioi))^pxi^:Dt 3ta» 9*121 £»b gapixi^-^axt 

l >)2| §S}£[ SNROil CH& __§2J ^(^(\))H £|Q|»8tfe Ptg ^jl^li a9»S£M|. 5|xfeoil 2JSH >HUI__£Jfe 2* ^ojx r 9x1(105-107)^ 

2^ oil 5i§£i„ i\m m^mm m*\&ow\ a a. 921 ^g. ^ 3taxt 9*1 (105-107)011 2j6H a»sfc as 01, 21 5^x1- 9*1011 

5tg ^m-S (wl,/,w2,/) £ t a 'or/'oc 21 2¥0il 2|g»g UEftfCt. 9^1 21££jo^ oj ^ sf ^ojxt S»fc. 0I2H2I AI2f Zf^OilAI^ 

:»axr 9x1s 2*2*21 me ai^eoii Di^v oiaiojoi a§ aizj 2*2*011 3 3ts 1^11 ssisttt 4* aiai @a. qj^ai :?tg 
11 4*msi 2x11 5j^sf_r ^u^ej wxiem ecib s§ eux-joicK d^^5^i_r, g§ £j*^5i- ah ^1 ^ixi^doDOii ah 21 ^ojxtg 

ii ah stasia mm 1 

or/u 21 haisb oma, 3 xt^at n 2*2*21 3taxtfi&2i xHyeou ch» 21x1^21 &!&ioii ^i^a^i so, 931 

g3i e5H 2J 3taX^S¥E1 JlXI^Oil 2^1 4>£ 2lCt. 

} ^s.2f eisH. 3ts ^i^m^j sn 5j5jif_r. §§si sq. nam, 5taxtMoi g§2? _a_ ^bsiss sj^sisb 
is oigstfe sj^sf 3i^oi §211 4£ sm. oils mo\, ch si^oii a Ate* 5114^^. snrm &ioii cm. 
^ssmi. 511 ^ ao. g£ 3« sma s^e. ?taxt>2i ti^*oi 2ig»xi a5i a soil. ^ ^a»fc ^taxtss^a 

2]33}§] ^ HO. &D\ X[J\ 21_f HSlot°£ f SXH 2£ 2*0114 CH3I0I D\m ^SMSCt CH £13011 EA}2! Jfgg .iflo^l 

ID. 

•eh. S*B SNR S^IS, £IH 2£ Pte »SS0| l or /l oc — 0 3t S£ £|Q|€0I|/H B SJ^2J >m ggofeCjl 0|g£J£ia. 0l2l_r l or /| oc 

men 5isF£j- ^geoiiAj, &xh D\m &smoi eh aee <y^j ctoitHAiEi(STD)sct en ^^a_r 5011 cn& oiim§ 

[Cf. SEeh, U /loc =0 6!. 2^ 5H 0||*£|_r 0|*=M£, lor /loc ^ B &SSI ^Cf. 

: ^S2J ^§ ^A|0||§e S^oFOj _^ gige ^SO UEimH ^gorSXIE!. &6H 3|_f ^OtOilAj SaXfM^. S _^S2J §<M ^ g 

{ LH CHI AH _? _^S2j ?_2_;H ^^r^^^ CH xHI 4= 2I2D] OldH m 4= Slit ^ 4- 2^a. SEff , _! _^g2j ^S^oj S?IS¥£H 

iir&oi gioi _^ _>S2i m aim oil ^§ chei z\^m ^gspi ?ian a4=2j ^ ^£ s^a. en 24- ah , s oi^iah ;hai^ 

i§ 6! AIM SOII &SSXI an. S i¥9 g?§»^2| ^ ^ UH Oil ¥i^6F_r £^ 6IAI0II&S fi»8ffe oi^g-^ 

57) S^P2| H9I 
l?»1. 

f^2i cHBiioi ±x\mm ^mm e^eiu cnaioia 2^ e<y &xi §j ^^21 ^ r axf sxims ^di^ Ai^goiiAH°j beau ^ 

1 0f| aiCHAH. 

>^2J sJ^SI^ 5 r e 5||^M(weighting coefficients)^ ^^6PI ¥ioH. ^4^2| 5H^S§ g^^S(jointly) Sl^Sfofe SslSKn. 

:0| ^4^21 5fg 511 4 M § 2|^2J 5j|4^, £D| ^^2J ^XrM g 6FU2I ±X[9} ^^£101, ^51 ^4^2j ^f^XF Sxl 

: g 5rU2| 5FaXh 2X121- CH ^S^S olt= »B. 

2. 

1^011 SiCHAi, ^^2j ^Igfi ^^or^l ¥1 oH ^2J ^iorb B5f|, §J 

5| ^4^2J 0121101 ^XfM m orU2j 013101 ^XFM g5H ^51 ^4^2] S3E@ cJsM ^ <^1^ 2^6r^ &5IIS CH S&o^, 



=?» 3. 

1 ^Oil SiOIAi. ^4^2J 5^ 51I4^MM SI2^ ij^llofb &5j|fe, ^51 ^42J ^r^Xr &XlM S ^|2|2J 5 r g|I| SxlOll CH £Mdl( 

gnal-to-noise ratio: SNR)S S§2^ 5JOiS}of^ ^^2| 5^ ^I^MOil CH& iSofb &5IIM S&Srb 31 oF^ 

4. 

42i cnaioi ^xi-ee ^disv evEiiu 01211011 e<y &xi gj ^4^21 5fax r sxiee =pui§h mti ai^^oiiah2i ehaiu ^ 

Oil 2iOIAi, 

^JR21 g§ 5l^lf 42! 5 At 2*8 ^£3 r 5| ^sH CH &gdl(SNR)2| 5^ ^J^lf ^OilAi StU 01^2] &g ^At^fof^ &5j|; ^ 

Ail ^2] il^StS 5^ 5j|4^Me ^^6F5| ?i6H SNR2J Si ii^St ^2J EAt^Oll 5|^6t0t AH^goj 5f§ 511 4 M § *i Ail^ 

5fe 5]l4^eg ^H^H^ il^^ofb B5II1 

51 ^4^ Ail^M2i 2j^£f§ 5tg 511 4M e 2| Ail^2J ^|5jSt@ 5»^g 51I^M^. ^51 ^42J 1[°*X\ ™X\m g 6FU2J 5f°'Xr ^XlOil CHS6f^ 
5. 

4^ Oil 2iOiA1. » Ail^oj 5^ 511 4- S g 21^21 5i^5t© 5^ 5j|4^^. ^^2| CH2II0I ^XtM e o[L\9\ OIBilOl ^XfOil □go r H. 

5i aas. 

421 dill ^^6^51 ?|oH ^42J 6JlIi ^56f^ &51I, §J 

)| ^4^21 CH2II0I ^XrM m otU2| 012)101 ±Xtl g5H ^^2] ^§1 § ^2^21 ^al S^Brb B51IS CH S&ot^. 
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g ds^, B H\ = 2\ £|*!£f9 J\B 314^ g SmSJ 314*011 ^l^ohCM EZBSUfe 2g s§2§ 

vll4»0ll £10<Ai, 3^1 *I4*2] ^oij} x> X \m S 21^21 ^SXI- &Xlfe 31013 4*d3l(Rake receiver)© ^dloHI, ^ 3X|2| aiOia ^<m 

>i #^sj 5S6i§ ^4*21 ^foj^ 3x1* m ob 3x1*011 sib ssdoii chb s&sm, snr g§ ^j^a ajoii &oiai sm 

>I32| S^ii 5A[§|ofb EMIfe, QB DtQXt 3X1*011 2|B S^dOII CHB 3101* 2| 3>^Xh 3X121 £11013 4*d}| ^2| S^dg a 
MSlofb SB»te 31 ^3H^ 6^ ^e. 

34*S| 3X|** ?UIB gd A|^U0i|A12j gd S XI Oil &01AI, 

34*21 cnaioi ^xni ?biB &am oiaioi; . 

^01 ^4* si ^g:>i* g ^21 ^gJioii £g@ xhedi* H»sm. 

«| S{4*2| ^l-g^l S g 2*2*£| ^g3|fe 3?l ^4>2| £tt* g o r U2| dbXKN 

^i sapifc st^si D\\^mm i§°s saissKn. 331 ^4^21 j\m D\\^m g 2^21 urn jo^fc 321 ^4*21 ^xf* g om 21 ±x r 

11 &££|D1 321 ^4>2| D\^X\ 3X1* g 6fU2| D\2iX\ 3XI0ILCH ^@£lb 3* ^S^£ ohb gd 3X1. 

:II7»«I 910\M. &J\ m& 40| ^4*2] Jl&Tt 3X1* g o r U2| D\&X\ 3XI0II PIOIEHS Silt OR. 321 SBI^Ife. #D\ Dt&Xt SXI 

■II ^££101 SEB 331 ^ 21 Oil ±XK>|| a^SJb 321 Jrg 3II4*M 331 ^4*21 ^g3|* g *t*t2\ ^g3IOII SI58ta. 3 ^ #31 2f 

^2] ^S^lfe 331 X-IEPI^EI 4^^1 ^g 31^011 DliSorOj ^Isl ^5o^ 2* ^SHS Sfe gd SXI. 

^4*S| ^gJXh 3X|** ?UI& S<y A|^gj0||Ai2J id 3XI0II &0iAi, 

^^2j of aioi ^x^e ?die Bam oiaoi; 

^4^21 ^Fe^lM; 91 

} }d\ D\^i\m m ^^21 ^s^ioii xnai^ie ?Hi»a. 

n\ ^4^21 ^^^im e 21^21 nwnt: 3^1 ^4^21 ^ihM e smsi ^xfoii 

HI Xidl^l^, SNR2I ^§ 5]^^ ^2i 2A|-2itS ?16H dm 01 Sgbl(SNR)2| S§ 51^^ ^dl Ai olU 01 & 2} »§§ 

13. B Ail^2J sl^§[9 ^g a^oPI ?i6H SNR2I gg S|3«Sf ^2| eA>&0|| Pl^ofOI ^4^ Ail^e2| D\\^W S B A||M2| 

im e smsi ^ajf 3x1011 oigmb ^§2^ 6Fb ed 3x1. 
10. 

■I9&0II ^OiAf. 3^1 ^4^2] D[<HX[ 3XIM § ^l^2| 3X|fe 31013 4^d^lS ?ti|SH2. &D\ 2| ^^giX^ SX|2| 3^1 211013 4^d^l ^ 

I2J S^d^. 3^1 ^4^2J D\°tJ\ 3XIM e ^mXf 3 XI g Oil SIB S^dOII CHB ^lOIB 5§of2, 3^1 X|£Plfe, 3^1 S^dOl 
f^Xi 3XI^0il 2IB S^dOil CHB ^10^21 2 Al- ffl S S S Ml , da CH 3sbl(SNR)2| £j^§| ^4 Oil 2AOi 6m 0132] EM 

fo^ oltz ed 3X1. 



>EilU OI5II0I S»3 ^Ii8, 2^ gd 3X1(101)011 2|6H Aitil^£J^ C|^2j ?r£JXr 3X| S(1 05-1 07)0II CHB ^^'^2J 2^ 51l4^gg 
IgBCh ^I4-2J LI^2J J[°}X[ 3XIM2J ^xH (venture)(404)2|^l SD^ 5§ ^XiOID. b^^loMlfe, SS(joint) 5l^ 

^. 2£ gd 3 XI Oil /d nPBfEIOI. 2| D[°*Xl SXIOII/H S^^SIfe 2JEi^ ^ 21^51^ Zfflfil 2]^!^2h 0HJ3, 2f D\QXl 3XI2f 3 ^d^2| 

iy ei^oii ^i^ofoi ii^ifsfe ed 3xis 4S!iia. i\m y\^ms\ s§ si^^(404)^, ^sb hsaii^oioi. 331 hsaii^s z^Boi o\ 

I ?loH, ^^Xr 3XI0II CHgor^r ^I4^S0I 5§2S SC}b ^3°^ ^1^113^(410) >!M 5|S6^ Si^lf ^I^M2| EA^^MOI Olg 
•CK409. 410). XPI 2Jfl (self-interface)* 3^orH^. g tfasi H^AII^ BJH ^rg gJSfia CH £1*1011 2MB PJg 3jl4^#e d#6^l 



.4 



am oiaioi. s§3. 3x1, ^g 31 4s x^i e.^ 
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101-103 











j ^ 


7 


\ 


? 1-120 


1 121- 






-122 l 











202- 



3^1 -¥- 



-204 



^7} 



-206 



210- 
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ES 4 
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± 



CH^S] 7>ojx> ZjZ^sL-Y-^, 

4t^1 ^VeJIi^- o^eijoi ^Xj-g 
^4 ?.H ^HVJofl W 



-402 



-f-^i 7>^ ^l^siq- 



j-40J 



SNR ^cflf^ 

-9r#^fe 7>^ 



-404 



-_i 

SNR 

1 



t~409 



SNR 33 

4 7><a^> ^)ofl cfl^-^ 



t-410 



4^3 7\W ^ 

S}43 7\<&7\ %5\<$ Hfl, 
4^3 7}-^7l Z>Z|-oll x}^ 




4^ ^7>l;# -7131^ 

4^3 xi^i-^ ^ 



J 



J-407 



405 
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<>V N t)T X AA-Mt)sTD W 


r /t 

E c /x or 


W 0 dB 


I or /I oc =5 dB 

III UV 


L r /I oc =10 dB 
or oc 


or oc 


A AC 

0.05 


2.00 


1.66 


1.28 


0.92 


0.1 


1.94 


1.52 


1.07 


0.61 


A A 

0.2 


1.82 


1.25 


0.62 


-0.03 




1.44 


0.37 


-0.93 


-2.45 


0.9 


0.91 


-1.01 


-3.85 


-9.88 



STD ^ TxAA $>*m •HN 0 ! ^-^-a- alia 



( E s/Nt)oPTIUAL- MVlrtA ( dB ) 



E c"or 




W 5 dB 


I or /I oc =10 dB 




0.05 


0.02 


0.09 


0.21 


0.36 


0.1 


0.03 


0.13 


0.29 


0.51 


0.2 


0.05 


0.22 


0.51 


0.90 


0.5 


0.14 


0.65 


1.55 


2.84 


0.9 


0.36 


1.62 


4.03 


9.89 



V ! oe ^ Vor 31 ^H^i t-efl TxAA #*!7l 7>^-4, 
^sl(^ajoi) ^aj^-si £-Ai 7 ] o>*flu}- oleflo] 7]-^^ wjjn 



